Objectives: American Thyroid Association (ATA)'s new guidelines recommend use of populationbased trimester-specific reference range (RR) for thyrotropin (TSH) in pregnancy. The aim of this study was to determine first trimester TSH RR for a population of pregnant women in Rio de Janeiro State. Subjects and methods: Two hundred and seventy pregnant women without thyroid illness, defined by National Academy of Clinical Biochemistry, and normal iodine status were included in this sectional study. This reference group (RG) had normal median urinary iodine concentration (UIC = 219 μg/L) and negative anti-thyroperoxidase antibodies (TPOAb). Twin pregnancy, trophoblastic disease and use of drugs or supplements that influence thyroid function were excluded. In a second step, we defined a more selective reference group (SRG, n = 170) by excluding patients with thyroiditis pattern on thyroid ultrasound and positive anti-thyroglobulin antibodies. This group also had normal median UIC. At a final step, a more selective reference group (MSRG, n = 130) was defined by excluding any pregnant women with UIC < 150 µg/L. Results: In the RG, median, 2.5 th and 97.5 th percentiles of TSH were 1.3, 0.1, and 4.4 mIU/L, respectively. The mean age was 27.0 ± 5.0 and the mean body mass index was 25.6 ± 5.2 kg/m 2 . In the SRG and MSRG, 2.5 th and 97.5 th percentiles were 0.06 and 4.0 (SRG) and 0.1 and 3.6 mIU/L (MSRG), respectively. Conclusions: In the population studied, TSH upper limit in the first trimester of pregnancy was above 2.5 mIU/L. The value of 3.6 mIU/L, found when iodine deficiency and thyroiditis (defined by antibodies and ultrasound characteristics) were excluded, matches recent ATA guidelines. Arch Endocrinol Metab. 2018;62(4):386-91
he American Thyroid Association (ATA) has recently published new guidelines for the diagnosis and management of thyroid disease during pregnancy and the postpartum period (1) . A substantial difference in these guidelines, compared with the prior version published in 2011 (2) , is the question regarding the upper reference limit for serum thyrotropin (TSH) during the first trimester of pregnancy, defined previously as 2.5 mIU/L. ATA's new guidelines recommend the use of population-based trimester-specific reference ranges for serum TSH derived from evaluation of local population data. When local assessments are not available, the panel recommends that lower reference range of TSH should be reduced by approximately 0.4 mIU/L, while the upper reference range should be reduced by approximately 0.5 mIU/L in the first trimester of pregnancy, from the reference values for non-pregnant women (1) .
These cutoff changes were based on recent large cohorts from various countries that have published trimester-specific pregnancy reference ranges, demonstrating significantly higher serum TSH concentration in their populations than previously reported in the literature (3) (4) (5) (6) (7) (8) (9) . Two of these studies showed, by week-to-week evaluation, that TSH reference limits were variable during the first trimester. In their studied populations, median TSH from up to 6 weeks was much higher, similar to the reference range for non-pregnant women, than to the range for 7 to 12 weeks (3, 4) . This larger analysis also demonstrated substantial population differences in the TSH upperreference limit that can be explained by differences in ethnicity, geographic location, iodine intake, body mass index (BMI), thyroid peroxidase antibody (TPOAb)-positivity and the TSH assays used for analysis (10) .
Recently, there have been published data concerning the normal range of serum TSH for the first trimester of gestation in a non-coastal area of Brazil (11) . In the studied population, the TSH value corresponding to the 97.5 th percentile was 2.68 mIU/L in the first trimester of gestation, which matches prior guidelines recommendations (2, 12, 13) . In contrast, another smaller Brazilian study, which evaluated pregnant women in the first trimester in a coastal area of the country, found higher TSH levels with a 97.5 th percentile of 4.43 mIU/L (14) .
The National Academy of Clinical Biochemistry (NACB) states that "TSH reference intervals should be established from 95% confidence limits of the logtransformed values of at least 120 rigorously screened normal euthyroid volunteers who meet the following criteria: no detectable thyroid autoantibodies (TPOAb or thyroglobulin antibody (TgAb), measured by sensitive immunoassay); no personal or family history of thyroid dysfunction; no visible or palpable goiter; and not using any medications (except estrogen)" (15) . It is worth mentioning that NACB does not require thyroid ultrasonography to exclude thyroiditis, and that the presence of only one negative thyroid autoantibodies is necessary. The lower and upper limits of TSH are defined by the 2.5 th and 97.5 th percentile, respectively (16) . In recent years, several studies have shown important additive effects of thyroid autoimmunity on maternal thyroid status with respect to pregnancy outcome. It turns out that women who are antibody positive have a greater risk of adverse events than do antibody-negative women, even when they have identical thyroid function (17, 18) . There are patients with undetectable thyroid antibodies who may have a thyroiditis pattern on ultrasound (19, 20) . Furthermore, population studies in non-pregnant women confirm that upper reference range of TSH is reduced after excluding those with ultrasound patterns compatible with thyroiditis (20) (21) (22) . International guidelines recommend populations with adequate iodine intake to be used to define TSH reference ranges. This is especially important in pregnant populations due to increased iodine demand during pregnancy (1, 12, 13) . Not only iodine deficiency but also high iodine intake is associated with reduced thyroid function (23) .
From these data, we proposed this study aiming to establish a serum TSH reference range in the first trimester of gestation for a population that lives in the coastal area of the state of Rio de Janeiro. For this purpose, we assessed a sample of pregnant women without thyroid illness, defined by NACB strict criteria, normal ultrasound patterns, normal iodine status and absence of thyroid autoantibodies (TPOAb and TgAb).
SUBJECTS AND METHODS
This cross-sectional study was performed on a subpopulation from an ongoing prospective cohort, and included pregnant women attending prenatal programs in maternity clinics in the public health system in the State of Rio de Janeiro. Four prenatal outpatient clinics in a coastal area of the state of Rio de Janeiro, Brazil, participated in this study. The study was approved by the local Research Ethics Committee, and all subjects signed consent forms (CAAE: 22546213.0.0000.5275).
A total of 270 pregnant women were enrolled from September 2014 to January 2017. The recruiting criteria included age ≥ 18 and ≤ 35 years old, having a spontaneous pregnancy and gestational age up to 12 weeks (defined by last menstrual period or ultrasound). According to Guideline 22 of the National Academy of Clinical Biochemistry (15), we excluded patients with personal or familiar history of thyroid disease, using drugs or supplements that might influence thyroid function, and with visible or palpable goiter. Women with multiple pregnancies, trophoblastic disease and other chronic diseases history were also excluded.
Specific history and general physical examination were performed. Height and weight were measured with participants barefoot and wearing light clothing. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Samples of blood and spot urines were obtained from each participant in the morning, after 10 to 12 hours of fasting, to determine serum TSH, FT4, TPOAb, TgAb and urinary iodine concentration (UIC). Thyroid ultrasound scan was performed in all participants.
After this analysis, we excluded patients with positive TPOAb to create the reference group.
This final sample, defined as reference group (RG), consisted of 225 pregnant women that filled all NACB criteria and had a normal median UIC.
In a second step, we defined a selective reference group (SRG, n = 170) by excluding those patients with thyroiditis pattern on thyroid ultrasound scan and positive serum TgAb. This group also had normal median UIC.
Ultrasound thyroiditis pattern was defined as the presence of a heterogeneous and/or hypoechoic gland. Classification of iodine status was made according to the World Health Organization (WHO) as follows: severe insufficiency, < 50 μg/L; mild-moderate insufficiency, 50 to 149 μg/L; sufficiency, 150 to 249 μg/L; more than adequate, 250 to 499 μg/L; and excessive, ≥ 500 μg/L.
At a final step, a more selective reference group (MSRG, n = 130) was defined by excluding any pregnant women with UIC < 150 mg/L, which could reflect iodine insufficiency. We emphasize that MSRG meets all NACB criteria, including sample size greater than 120 individuals.
Serum TSH, FT4, TPOAb and TgAb were performed by electrochemiluminescence immunometric assay on the Roche Modular Analytics ® E170 (Roche Diagnostics). The Laboratory reference ranges of TSH were 0.4 to 4.3 mIU/L (for non-pregnant women), FT4 0.7 to 1.9 ng/dL, TPOAb < 34 IU/mL and TgAb < 115 IU/mL. The intra-assay coefficients of variation of serum TSH, FT4, TPOAb and TgAb were 7.2%, 2.79%, 6.3% and 4.9%, respectively. The interassay coefficients of variation were 3%, 2.9%, 7.0% and 6.3%, respectively. Urinary iodine concentration was determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS-Spectroquant
® Iodine TestMerch KGaA, Germany). The manufacturer's reference range was 26 to 705 μg/L.
All thyroid ultrasound scans were performed by a single trained examiner, using a high-frequency SIEMENS-AUSONX 300 transducer (12 MHz). Thyroid volume was calculated by the formula: length x width x thickness x 0.52 of each lobe and the isthmus. Thyroid parenchyma characteristics were described according to their echogenicity and homogeneity.
Statistical analysis was performed using the SPSS for Windows program, version 13.0. Mean, median, 2.5 th and 97.5 th percentiles were calculated for the TSH and FT4 values. Continuous variables were shown as the mean ± SD (median) and were compared between two groups using the Mann-Whitney test or Student t-test, according to the data distribution as evaluated by the Kolmogorov-Smirnov test. Comparisons among three or more groups were assessed by the Kruskal-Wallis test. Categorical variables were expressed as percentages and compared by the chi-squared test (χ 2 ) or Fisher exact test. The analysis of the correlation between two variables was performed using Spearman's correlation coefficient (rs). A p-value < 0.05 was considered to be significant.
RESULTS
The clinical and biochemical characteristics of the three studied groups are described in Table 1 . The RG, SRG and MSRG groups were similar in terms of age, BMI, gestational week at inclusion, frequencies of smoking and iodine status. Although there were no significant differences in UIC among the studied groups, MSRG have a higher median urine iodine, classified as more than adequate status. Our study population presented normal median values of BMI when we use BMI classification tables specific to pregnant women (24). Table 1 . Clinical and biochemical characteristics of the three studied groups of pregnant women, evaluated in the first trimester of gestation, inhabitants a coastal area of Rio de Janeiro State th percentile value of TSH were lower in the more selective group (MSRG), which excluded any pregnant women with UIC less than 150 μg/L, compared to the other groups. In the reference group (RG), TSH was > 2.5 mIU/L in 19.6%. In the SRG and SSRG this prevalence was 17.1 and 14.6%, respectively.
In the reference group (RG), TSH was slightly negatively correlated with FT4 (r s -0.142; p = 0.017) but was not correlated with age (r s -0.052; p = 0.221), BMI (r s -0.048; p = 0.236), gestational age (r s -0.025; p = 0.356) or UIC (r s 0.031; p = 0.323). However, when we evaluated only the group of pregnant women up to 6 weeks of gestation, we found a negative correlation between TSH and gestational age (r s -0.433; p = 0.025). This correlation was not maintained in the analysis of patients with more than 6 weeks of gestation (r s 0.065 p = 0.182).
Furthermore, comparing TSH levels in these two subgroups (up to 6 weeks of gestation and > 6 weeks of gestation), we found lower levels of TSH in the group of patients up to 6 weeks of gestation. These data are described in Table 3 .
DISCUSSION
This is the first study designed to establish reference limits of serum TSH and FT4 values in a pregnant population that inhabits a coastal Brazilian area, in the state of Rio de Janeiro, that filled all NACB criteria. Additionally, to the best of our knowledge, this is the first study in the literature to apply so strict selection criteria intended to define a rational reference range of serum TSH for pregnant women in the first trimester, considering NACB criteria.
Subclinical hypothyroidism (SCH) is defined as elevated serum TSH concentrations and normal levels of serum FT4. Strategies for the diagnosis of thyroid dysfunction differ in pregnant compared to nonpregnant women.
The definition of a normal reference range of TSH in pregnant women is critical and should ideally be derived from local population data. Substantial variation exists between populations, with many recent investigations confirming a more liberal upper TSH reference range in healthy pregnant women with no thyroid disease (10) .
Previously, our group accessed the distribution of serum TSH values in the first trimester of pregnancy in a group of pregnant women with negative TPOAb and iodine sufficiency in Rio de Janeiro (14) . This study has also showed a 97.5 th percentile value of serum TSH above 2.5 mIU/L (95 th percentile:4.43 mIU/L -95%CI: 3.68 to 5.84). However, the final sample Table 3 . Reference values for serum TSH in the first trimester of pregnancy in the three studied subgroups of pregnant women according to gestational age number evaluated in this study, after exclusion of positive TPOAb patients, was below 120, recommended by NACB to define TSH reference range in a given population.
The disagreement between serum TSH reference values found in our study compared to those found by Rosario and cols. (11) may be due to differences between the two populations. Brazil is a continentalsized country with ethnic and geographic characteristics that differ from a region to another. The state of Rio de Janeiro is located in a coastal area, unlike Minas Gerais, which is located in a continental area. In addition, two limitations of that study were absence of iodine status evaluation and absence of ultrasound scan and TgAb measurement to exclude thyroid autoimmunity in their population.
Although some studies have shown that excluding people with thyroid ultrasound abnormalities did not affect TSH reference range (25, 26) , some authors suggest higher TSH levels in the presence of thyroid autoimmunity detected by both ultrasound and autoantibodies (27) . It appears reasonable that, in pregnant women who exhibit immunosuppression of pregnancy, thyroid ultrasound evaluation could add information regarding prediction of autoimmune thyroid disease.
A recent study that evaluated women seeking fertility treatment showed that 5% of patients presented isolated TgAb positivity and 4% isolated TPOAb concentrations. Serum TSH values were significantly higher in the group of women with isolated positive TgAb compared to women without positive thyroid antibodies. This study demonstrated that testing for thyroid autoimmunity using only TPOAb would likely miss a small proportion of women with isolated TgAb (28) .
In our study reference population, there were no cases of hypothyroxinemia. Hypothyroxinemia was excluded in the sample of pregnant women studied by the presence of normal FT4 values. We believe that FT4 is a more useful index of thyroid function during early pregnancy than is total T4. Although FT4 immunoassays have been reported to be a less accurate method during pregnancy, this interference occurs mainly in the third trimester of gestation (29, 30) . In addition, total T4 concentrations are highly dependent on changes in thyroxine-binding globulin (TBG) concentrations, being more variable during early pregnancy than are free T4 concentrations (31).
It should be noted that there are still some concerns about the new reference range suggested by 2017 ATA thyroid and pregnancy guidelines, since it was based on studies that evaluated few women. In the five largest studies cited, only one presented an upper limit of normal TSH above 3.5 mIU/L (32) .
Although many studies suggest that subclinical hypothyroidism is associated with obstetric complications and impairment in neurocognitive development of at-risk children (33, 34) , the recommendations for screening and treatment remain controversial (35) . The previously recommended TSH cutoff of 2.5 mIU/L appears to be too low and is likely to leading to overdiagnosis and overtreatment of thyroid disease during pregnancy (1) . Additional studies evaluating the safety and benefits of treatment with levothyroxine in pregnant women with subclinical hypothyroidism are needed, especially to assess the differences between TPOAb-positive or negative patients.
In addition, the authors believe that a larger population would be desired to bring more strength to the present study, despite having met the criteria required by NACB.
In conclusion, the upper limit of serum TSH reference in the first trimester was above 2.5 mIU/L in pregnant Brazilian women that live in a coastal area of the country. The value of 3.6 mIU/L, found when iodine deficiency and thyroiditis (defined both by negative TgAb and TPOAb and normal thyroid ultrasound pattern) were excluded, appeared to match the recent ATA guidelines.
